Okara is a by-product of tofu and soybean protein production. Okara contains 80-85% moisture. The dehydration of okara is very difficult with the conventional method. In the present work, okara was dehydrated with a conrpression instrument (0.49 MPa) using calcium chloride. About 65% water content, on a wet basis, could be obtained with the addition of calcium chloride at levels higher than 0.01 g/g of wet okara. The water content of the dehydrated okara correlated with the pH of the dehydrated solution obtained by dehydration with calcium chloride.
as an industrial waste. The amount of okara obtained annually has been estimated at about 8x 105 tonnes per year. There are pollution problems because the residue has little commercial value. However, okara is rich in dietary fiber and is a good nutritional source for microorganisms. To utilize okara, the production of active carbon (Hayashi et al., 1996) and the extraction of water-soluble polysaccharides (Maeda 1992; Yamaguchi et a/., 1996) have been studied. To reuse okara, the dehydration of okara should be carried out as an economical process. Okara contains 80-85% moisture on a wet basis. It is very difficult to dehydrate okara with a conventional dehydrator, because of the high water-holding capacity of okara. Okara could be dehydrated up to about 70% with a conventional dehydrator, and the equilibriumcompressed water content is about 60-65%. Mechanical expression such as the dewatering of fibrous materials and of waste water sludge is an important unit operation in the food industry.
Koide has reviewed the utilization of okara (Koide, 1996) . Kato et al. ( 1986) studied the preservation of okara by lactic acid fermentation. Okara was fermented by lactic acid bacteria, reducing its pH to less than 4.2. Okara fermentation was studied with the use of "Yu," the waste solution of tofu manufacturing (Tamura, 1985) . Ohara et a/. (1990) studied the dehydration of okara with the addition of acetic acid.
Okara was easily dehydrated between pH 4.0 and pH 4.5 which is the isoelectric point of soy protein. However, the addition of acid and lactic acid fermentation of okara are not economical method.
The large amounts of insoluble and soluble fiber present in okara and Its high protein content of about 20% indicate that it should not be regarded as a waste product. The coagulation of protein is considered to be a critical step in making tofu.
Therefore, an improvement in the dehydration of okara could be expected by the addition of a coagulant such as calcium chloride. In the present study, the method of okara dehydration was studied using calcium chloride as the coagulant of soy protein. With this method, the water content of okara could be reduced to about 65% with the addition of 0.01 g calcium chloride per one g-wet okara. The water content of the dehydrated okara was correlated with the pH of the dehydrated solution.
Materials and Methods
Materials Okara was a gift from Tanaka Food Co.
(Toyama) and Rakusui Co. (Tottori). Calcium chloride and other reagents of analytical grade were purchased from Wako Pure Chemicals, Osaka.
Dehydration of okara The experimental apparatus for the okara compression and dehydration is shown in Fig.  l . Either native or thawed frozen okara was initially mixed with the desired amount of calcium chloride solution for 1 5 min at 50'C. The dehydration data of the thawed frozen okara was almost the same as that of the native okara. The compressed-air press was built around a chamber into which 40 g of native okara or thawed frozen-stored okara could be placed. An internal 50-mm-diameter jack generated a pressure of up to 0.49 MPa, which was monitored with a pressure Both constants represent the press-cake properties. From eq. I , one gets (2):
Equation (2) g of another wet-okara. When the volume of the dehydrated solution was higher than 80 ml, the operation was repeated several times.
Results and Discussion
Effect of okara 's pH on the water content of dehydrated okara The effect of okara's pH on the water content of dehydrated okara was first studied. The pH of okara was adjusted with various 50-mM buffers and okara was dehydrated at 0.49 MPa compression pressure for I h.
The water content of the dehydrated okara was plotted against pH with the literature values of Tamura ( 1985) ( Fig.   2 ). The water content of okara with various 50-mM buffers reached a minimum, about 65% between pH 4.5 and 3.5, and gradually increased with a decrease in the pH. This phenomenon depends on the solubility of soy protein.
In the addition of one to two weight-fold calcium chloride solution (0.05-2% w/v) to wet okara, okara's pH decreased from 5.8 to 5.3 (Fig. 2) . When calcium chloride powder was added to okara, similar water contents could be obtained as with the addition of calcium chloride solution. The range of pH obtained would be beneficial in the use of the dehydrated okara as animal feed.
Dehydration of okara with calcium chloride Calcium chloride plays a role as a coagulant of soy protein. In order to study the effect of calcium chloride quantity on okara dehydration, up to two weight-fold of calcium chloride solution (0-2, w/v%) was added to okara. There was no effect of the mixing time between the wet okara and calcium chloride and the volume of the solution on the dehydration 91 curves. Figure 3 shows the dehydratlon curves of okara with various concentrations of calcium chloride. As shown in Fig.   3 , okara could not be dehydrated without the addition of calcium chloride. With an increase in the amount ofcalcium chloride added to okara to above 0.1%, the dehydration rate progressively increased. The primary consolidation was almost spontaneous. When calcium chloride (0-2, w/v%) was added to okara, the weight of the dehydrated solution increased rapidly with time and became the consolidation region at a longer time above about 15 min. The dehydration rate depended on the concentration of calcium chloride.
From the dehydration curves at a calcium chloride concentration above l%, we could extrapolate w* as 1 1.25 (g/g-dry okara) at 60 min and assumed that w* was the same under the other conditions.
The consolldation curve could be obtained from the ship is linear, as predicted by Eq.
(2). This means that the press-cake of okara is governed by the deformation and dewatering of okara. The consolidation coefficient, c!, could be determined from the linear part of the consolidation curves shown in Fig. 4 . Figure 5 shows the consolidation coefficients of okara against the concentration of calcium chloride. The maximum consolidation coefficient was obtained at about 0.033 (1/min) at 1% calcium chloride solution. This observation of the optimum compression is a phenomenon similar to the hardnening of tofu in the presence of an optimum amount of calcium chloride. Figure 6 shows the water content of dehydrated okara after I h ofcompression plotted against the concentration of calcium chloride. A calcium chloride concentration higher than 0.07% decreased the water content from 80% with 0.1% CaC12 to 65% with 0.5% CaC12' Still, higher calcium chloride levels did not further decrease the water content. Figure 7 shows the water contents of the dehydrated okara for various calcium chloride levels as plotted against the pH of the dehydrated solution. The minimum water content obtained was found to be between pH 5.3 and 5.8. The water content ofthe dehydrated okara, PV (the percentage on a wet basis), was correlated with the pH of the dehydrated solution as follows; W= l0.5 pH2-1 18 pH+396 pH~5.8 (Tanaka's okara), (3) W= 17.4 pH-33.8 pH~~5.7 (Rakusui's okara), (4) W=65 pH ~ 5.8 (Tanaka's okara), pH~ 5.7 (Rakusui's okara). (5) The phytic acid content of okara was about 0.5-I .2 g in 100 g of dry okara (van der Riet et a/., 1989). Phytic acid might influence the water-holding capacity of okara. When lO% NaOH titrated to the solution of 0.2% phytic acid and 10 mM CaC12' the minimum electric conductivity of this solution appeared at pH 5.58 (Nakagawa & Kashima, 1995) . Most of the heated soy-protein solution aggregated at about pH 5.8 and native soy-protein solution aggregated at pH 5.6 in a calcium chloride concentration of 0-5 mM. Nakagawa and Kashima considered that the aggregation phenomena of soy protein with calcium chloride were related to the content of phytic acid in soy protein. The minimum water content in this experiment was obtained near pH 5.6. The pH of okara remained almost unchanged with the addition of calcium chloride above the 0.5% Ievel. These results suggest that the phytic acid concentration of okara might determine the water content of okara dehydrated in the presence of calcium chloride.
Repeated use of the dehydrated solution Figure 8 shows the effect of repeated use of the dehydrated solution on the water content of dehydrated okara at 0.5, I .O or 2.0% calcium chloride concentration. In the case of 0.5%, the water content of the dehydrated okara increased from 65% to 85% with the increasing number of recycle use of the dehydrated solution. With 2% calcium chloride solution, water contents less than 67% could be obtained during four repeated dehydration cycles. The curves, which were calculated with the above regression equations using the pH of the dehydrated solutions, were plotted in Fig. 8 and are in good agreement with the data for the water content.
Conclusions
Okara could be dehydrated to about 65% water content (wet basis) with the addition of two-fold weight of calcium chloride (0.5-2, w/v%) to wet okara. The water content of dehydrated okara could be estimated with the pH of the dehydrated solution.
